Inhalants are distinguished as a class primarily based upon a shared route of administration. Grouping inhalants according to their abuse-related in vivo pharmacological effects using the drug discrimination procedure has the potential to provide a more relevant classification scheme to the research and treatment community. Mice were trained to differentiate the introceptive effects of the trichloroethylene vapor from air using an operant procedure. Trichloroethylene is a chlorinated hydrocarbon solvent once used as an anesthetic as well as in glues and other consumer products. It is now primarily employed as a metal degreaser. We found that the stimulus effects of trichloroethylene were similar to those of other chlorinated hydrocarbon vapors, the aromatic hydrocarbon toluene and the vapor anesthetics methoxyflurane and isoflurane. The stimulus effects of trichloroethylene overlapped with those of the barbiturate methohexital, to a lesser extent the benzodiazepine midazolam and ethanol. N -methyl-D-aspartate (NMDA) antagonists, the kappa-opioid agonist U50,488, and the mixed 5-HT agonist 1-(3-chlorophenyl)piperazine (mCPP) largely failed to substitute for trichloroethylene. These data suggest that stimulus effects of chlorinated hydrocarbon vapors are mediated at least partially by GABA A receptor positive modulatory effects.
Introduction
The term "inhalant" is widely utilized to arbitrarily combine hundreds of chemicals with known or potential abuse liability into a single family based only on their method of administration [8, 10] . The classification of abused inhalants solely based on route of administration, is otherwise probably minimally helpful to the substance abuse research and treatment community. In fact it may even be detrimental for advancing our scientific understanding of the abuserelated effects of these compounds, as grouping around a This article is a part of a Special Issue on "Advances in the Neurobiological Basis of Inhalant Abuse." Preliminary versions of the papers featuring this special issue were originally presented at the 4th Meeting of the International Drug Abuse Research Society (IDARS) held in Mexico City, April 15-19, 2013. common means of administration suggests a homogeneity of mechanism and behavioral effects that may be scientifically unwarranted. As an illustration of the inadequacy of this simplistic taxonomic approach, consider the fact that if a similar system was applied to other common drugs of abuse, then tobacco, crack cocaine, and marijuana would be treated as a single category. Instead, other classes of abused drugs such as psychomotor stimulants, opioids, and benzodiazepines are classified in a more rationale fashion according to their abuse-related pharmacological and molecular mechanisms of action. Unfortunately, the experimental data necessary to group inhalants according to pharmacological mechanism are not yet adequate to this purpose, forcing reliance on less meaningful subclassification by chemical type, form or product usage [10] .
Without question, it would be advantageous to develop a pharmacological taxonomy for inhalants more akin to that applied to other classes of abused drugs. Such a framework would permit a direction of research efforts towards thoroughly examining prototypic members of pharmacologically-related inhalant families with some confidence that the findings generated would generalize to other compounds within that family. It should also permit a development of more targeted therapeutic approaches for treating addictions to related inhalants. Unfortunately, the difficulties inherent in developing a meaningful abuserelated pharmacological classification system for inhalants are not inconsequential. Firstly, there are dozens if not hundreds of inhalant chemicals with potential abuse liability in common household products. While this would seem a daunting challenge, inhalant abusers gravitate towards the use of products containing a more limited number of major constituents, considerably narrowing the number of potential candidates warranting a detailed examination [18, 34] . A second problem is the technical difficulty associated with conducting abuse-related studies with volatile and gaseous compounds that may deter some laboratories. Although some adjustments to techniques, unique equipment, and environmental safeguards are required, the detailed methods necessary to address these impediments in in vitro, ex vivo, and in vivo experimental paradigms are freely available in published manuscripts [25, 41, 56, 62, 65] . The final problem is perhaps the most difficult. Specifically, the most consistent finding from in vitro experiments is that inhalants including volatile hydrocarbons, volatile anesthetics, and gases such as nitrous oxide all act either directly or indirectly upon multiple targets including ligand-gated ion channel receptors, G-protein coupled receptors, and voltage-gated ion channels [9, 17] . Disentangling which of these diverse actions are responsible for the abuse-related behavioral effects of inhalants and which are of lesser importance is critical to establishing a rational pharmacologically-based classification system with relevance to the drug abuse research community.
Development and validation of an inhalant categorization system based on pharmacological action require adequate experimental data. Historically, the vast majority of abuse-related inhalant research has focused on volatile solvents due to their high abuse liability and toxicity [8] . There are many chemical classes within the umbrella of volatile solvents but only the aromatic and chlorinated hydrocarbons have received meaningful scientific attention aimed at probing their CNS mechanisms. The aromatic hydrocarbon toluene is arguably the most frequently abused of all volatile inhalants and is also the best characterized at the molecular and behavioral level. Toluene enhances the recombinant γ-aminobutyric acid type A (GABA A ), glycine, and serotonin type 3 (5-HT 3 ) receptor activity while attenuating N -methyl-D-aspartate (NMDA), AMPA, and nicotinic acetylcholine receptor function [6, 7, 11, 12, 13, 15, 23, 25, 38] . Lagging considerably behind toluene in published reports are the chlorinated hydrocarbons exemplified by 1,1,1-trichloroethane, tetrachloroethylene (perchloroethylene), and trichloroethylene. Like toluene, 1,1,1-trichloroethane and trichloroethylene positively modulate GABA A and glycine receptors expressed in Xenopus oocytes [13, 14, 15] , enhance GABA-mediated synaptic activity in neurons [39] , and alter voltage-sensitive calcium channel function [51] . 1,1,1-trichloroethane also attenuates NMDA-induced currents [23] and facilitates 5-HT 3 receptor function in Xenopus oocytes [38] . Perchloroethylene inhibits nicotinic acetylcholine receptors expressed in oocytes [5] . Finally, acute exposure to 1,1,1-trichloroethane decreases DAMGO binding to mu-opioid receptors in discrete brain regions [46] . Some, all or few of these molecular actions may be critical to the abuse-related behavioral effects of aromatic and chlorinated hydrocarbons. Our laboratory has been engaged over the past decade in addressing the mechanism or mechanisms relevant to abuse-related behavioral endpoints. Our primary tool for this purpose is the drug discrimination procedure in mice. Drug discrimination involves training subjects to distinguish the interoceptive state resulting from an experimenter-administered psychoactive drug versus administration of vehicle in order to choose an appropriately reinforced behavioral response [22] . The most common variant in nonhuman subjects involves pairing reinforcer presentation with responding on one manipulandum, generally a lever, following drug administration and pairing reinforcer presentation with responding on a second lever following vehicle administration. Over successive daily training sessions alternating between drug and vehicle administration, subjects will learn to respond only on the lever that corresponds with the prior drug or vehicle administration. A critical feature of the drug discrimination paradigm is that the interoceptive stimulus effects of drugs are both receptor mediated and often highly specific [21] . In most cases only drugs that produce interoceptive stimulus effects similar to the training drug will elicit responding on the training-drug appropriate lever [2, 31] . In contrast, drugs that produce no CNS effects, as well as drugs that produce CNS effects that are dissimilar to the training drug, elicit vehicle-lever responding [40, 49] . Indeed, it is possible using drug discrimination to make surprisingly subtle distinctions such as differentiating between compounds that have the same net effect on receptor function but act upon different binding sites on the receptor [43, 44] or between receptors that differ only in the presence or absence of a particular subunit [64] . Importantly, from a standpoint of clinical relevancy the stimulus effects of drugs in animals are a model of and are highly correlated with the subjective intoxication produced by drugs in humans [50] . These aspects of drug discrimination as well as the relatively high throughput and excellent replicability of the procedure make it an extremely valuable method for pharmacologically classifying inhalants using an abuserelevant and neurochemically-selective behavioral endpoint.
Our published drug discrimination data with inhalants thus far indicates that the list of receptor systems relevant to the discriminative stimulus effects of volatile solvents is much more restricted than their in vitro activity might suggest. We have previously demonstrated that the discriminative stimulus effects of 1,1,1-trichloroethane are mediated at least partially by classical benzodiazepine and barbiturate-like positive GABA A receptor modulation but appear to not be dependent upon NMDA antagonist activity, nicotinic acetylcholine receptor modulation or mu-opioid agonist effects [54, 58] . Likewise our data show that GABA A modulators substitute in mice trained to discriminate toluene. However, unlike 1,1,1-trichloroethane, the stimulus effects of toluene are mimicked more completely by classical benzodiazepines than barbiturates [59] .
These results suggest that while there are substantial commonalities between the stimulus effects of aromatic and chlorinated hydrocarbons, potentially important pharmacological differences do exist. The question posed in the present study was whether these pharmacological properties are consistent across other inhalants from the same chemical class. To address this experimentally, we trained the chlorinated hydrocarbon, trichloroethylene, as a discriminative stimulus in mice. Trichloroethylene was introduced as a vapor general anesthetic in the 1930s as a replacement for diethyl ether [29] . Trichloroethylene was itself largely replaced by halothane in the mid 1950s except for analgesia in childbirth for which it continued to be used into the late 1970s in the United Kingdom [3] . Trichloroethylene has a documented history of abuse and although once it was present in many consumer products such as typewriter correction fluid it is today used primarily as a commercial metal degreaser [1, 26, 35, 45] .
Following initial discrimination training, we then compared the stimulus effects of trichloroethylene to other inhalants as well as probed the neurotransmitter systems underlying the stimulus effects of trichloroethylene. It was our hypothesis that the neurochemical effects of trichloroethylene would be more closely aligned with those produced by the chemically related chlorinated hydrocarbon 1,1,1-trichloroethane than those produced by the less chemically similar aromatic hydrocarbon toluene.
Materials and methods

Subjects
Fourteen adult male B6SJLF1/J mice (Jackson Laboratory, Bar Harbor, Maine, USA) served as subjects. We have used this strain for a number of prior inhalant discrimination studies [53, 54, 57, 58, 60] . The mice were individually housed under a 12 h light/dark cycle (lights on 6 AM). Feeding was adjusted to maintain a healthy, stable weight from 27 g to 35 g for the duration of the study. Studies were approved by the Institutional Animal Care and Use Committee of Virginia Commonwealth University (VCU) and conducted in accordance with the Institute of Laboratory Animal Research "Guide for the Care and Use of Laboratory Animals." 2.2. Compounds HPLC grade trichloroethylene, tetrachloroethylene (perchloroethylene), toluene, and 1,1,1-trichloroethane were purchased from Sigma-Aldrich Chemicals (Milwaukee, WI, USA). Isoflurane was purchased from Webster Veterinary Supply (Charlotte, NC, USA). Methoxyflurane (Metofane) was obtained from Pitman-Moore (Mundelein, IL, USA). Midazolam HCl was obtained in a generic injectable form from the VCU hospital pharmacy (Hospira, Lake Forest, IL, USA). Methohexital sodium was purchased as a commercially available lyophilized powder (Brevital, JHP Pharmaceuticals, Parsippany, NJ, USA). Dizocilpine maleate (+MK-801), cis-4-[phosphomethyl]-piperidine-2-carboxylic acid (CGS-19755), and 1-(3-chlorophenyl)piperazine (mCPP) were purchased from Tocris Bioscience (St. Louis, MO, USA). U50,488H was provided by the National Institute on Drug Abuse Drug Supply Program (RTI International, Research Triangle Park, NC, USA). Unless otherwise indicated, injected test drugs were dissolved in 0.9% physiological saline. Exposures to all vapors prior to the discrimination test session were 10 min in duration. All injected drugs were administered intraperitoneally (IP) at a volume of 10 mL/kg. A 5-minute pretreatment time was used for methohexital. A 10-minute pretreatment time was used for MK-801, midazolam, and ethanol. A 30-minute pretreatment interval was used for CGS-19755, U50,488, and mCPP.
Apparatus
Training and test vapor exposures were conducted in sealed 27-liter chromatography jars. An internal mixing fan rapidly volatilized liquid inhalants introduced into the chamber. The volume of each volatile liquid necessary to generate the appropriate chamber vapor concentration was calculated using the ideal gas law as derived for vapors at standard laboratory pressure and temperature [42] . Accuracy of calculated vapor concentrations and chamber atmosphere concentration stability were empirically verified periodically using a Miran 1A single wavelength infrared spectrometer. The static exposure chambers and procedures for generating test vapors have been described previously in greater detail [16, 52] .
Discrimination training and test sessions were conducted in standard 2-lever mouse operant conditioning chambers housed in sound-attenuating cubicles (MedAssociates, St. Albans, VT, USA). Unlike injected drugs, the stimulus effects of some volatile compounds may be only a few minutes in duration following the cessation of brief vapor exposures [54] . Therefore, the operant chambers were located directly adjacent to the vapor exposure apparatus to permit a rapid transfer of the mice from the exposure to the test environment. Each operant chamber was equipped with two optical levers with a LED stimulus light above each lever, a houselight in the rear chamber wall, and a 0.01 mL electrically-operated liquid dipper. Mice were reinforced with a milk solution consisting by volume of 25% sugar, 25% nonfat powdered milk, and 50% tap water.
Discrimination training and substitution testing
Training sessions were conducted Mon-Fri. Both lever lights and the houselight were illuminated for the duration of the session. Completion of the FR requirement on the active lever resulted in 3 s of dipper access. Responses while the dipper was elevated had no consequences. Over successive days, the session length was decreased from 30 min to 5 min after which double alternation trichloroethylene vapor versus air discrimination training sessions began. During training, the correct lever was determined by whether the subject received a 10-minute exposure to 6,000 ppm trichloroethylene vapor or to air. Following the 10-minute exposure, the mice were rapidly removed from the chromatography jar, placed into the operant chamber, and the training session immediately initiated. During training, the FR1 response requirement was increased over successive sessions to FR12. Responding on the inactive lever reset the FR requirement on the correct lever. A mouse was determined to have acquired the 6,000 ppm trichloroethylene vapor versus air discrimination when it emitted its first FR on the correct lever in 8 of 10 consecutive training sessions at FR12.
Following acquisition, substitution tests were conducted on Tues and Fri with continued training sessions on Mon, Wed, and Thurs. Testing was suspended if an animal did not maintain accurate stimulus control during intervening training sessions as exhibited by incorrect first fixed ratio responding on the intervening training sessions. Test sessions were not recommenced until the first FR was emitted on the correct lever for three consecutive training sessions. Substitution tests with vapors were preceded by exposure to a single concentration of the test vapor. In substitution test sessions with an injected drug, the injection was given at the pretreatment time indicated previously and the animal was exposed to air in the exposure chamber for 10 min prior to the start of the test session. Drug discrimination test sessions were 5 min and completion of the FR requirement on either lever resulted in dipper presentation. Doses or concentrations of each compound were generally tested in ascending order until maximal substitution was produced or response rates were suppressed compared to the air control session. Prior to each vapor concentration-effect curve, air and 6,000 ppm trichloroethylene control test sessions were conducted. Control sessions prior to injected drug dose-effect curves were conducted in a similar manner with the addition of injection of the test drug's vehicle before trichloroethylene or air exposure. From 8 to 12 mice were used to generate each dose or concentration-effect curve.
Drug discrimination data analysis
Percentage trichloroethylene-lever responding, response rates (responses/s), and first fixed ratio (FFR) completed were recorded for each 5-minute test session. Group means (±SEM) were calculated for percentage trichloroethylenelever selection as well as response rate. Any inhalant concentration or injected-drug dose that suppressed response rates to the extent that the animal did not complete at least one FR during the test session resulted in the exclusion of that mouse's datum from the group lever-selection analysis, although that datum was included in the response rate analysis. Test concentrations/doses in which fewer than three mice emitted a complete FR during the test session were not plotted on the substitution curve. A criterion of 75% or greater mean trichloroethylene vapor-appropriate responding was defined as full substitution, between 25% and 75% as partial substitution, and less than 25% as no substitution. While possible EC 50 or ED 50 values (and 95% confidence limits) for trichloroethylene vapor-lever selection and response rate suppression were calculated based on the linear portion of each mean dose-effect curve [61] .
Results
All 14 mice acquired the 6,000 ppm trichloroethylene vapor versus air discrimination. The degree of substitution of trichloroethylene for the 10-minute, 6,000 ppm trichloroethylene vapor training condition was a function of exposure duration (Figure 1, upper panel) . It required a A maximum of 70% trichloroethylene-lever selection was engendered at a methohexital dose of 40 mg/kg, but the mean group data may underestimate the degree of substitution as 11 of the 12 mice tested exhibited greater than 75% trichloroethylenelever selection at one or more methohexital dose (data not shown). Methohexital also dose-dependently suppressed operant responding with an ED 50 of 32 mg/kg [CL: 28-38 mg/kg]. The uncompetitive NMDA receptor antagonist channel blocker MK-801 (green triangles) produced a maximum of 45% trichloroethylene-lever responding at a dose of 0.56 mg/kg, which also suppressed operant response rates to the extent that only 4 of 10 mice were capable of emitting one complete fixed ratio value. The competitive NMDA receptor antagonist CGS-19755 (purple diamonds) engendered a maximum of 35% trichloroethylene-lever selection at a dose of 17 mg/kg, which also suppressed operant responding to 17% of vehicle control rates. Lastly, ethanol (black inverted triangles) produced a dose-dependent partial substitution for trichloroethylene with an ED 50 produced by a dose of 2,500 mg/kg, which also suppressed operant responding to 34% of vehicle control rates.
Substitution and response-rate data generated following pretreatment with mCPP, U50,488, and L701,324 are presented in Table 1 . mCPP has affinity for a number of different serotonergic and nonserotonergic receptors [33] . mCPP also has ethanol-like discriminative stimulus effects [32] that are likely mediated by 5-HT 2C receptor agonism [20, 27, 28] . mCPP failed to produce trichloroethylene-like stimulus effects up to a dose of 5.6 mg/kg, which also suppressed mean operant responding to 36% of vehicle control levels and completely suppressed responding in 4 of 8 subjects. The kappa-opioid agonist U50,488 also failed to produce trichloroethylene-like discriminative stimulus effects up to a dose of 10 mg/kg, which suppressed responding to 8% of vehicle control rates and abolished all responding in 8 of 10 mice. The NMDA receptor glycine-site antagonist L701,324 did not substitute for trichloroethylene up to a dose of 10 mg/kg but also failed to suppress operant response rates compared to the vehicle control.
Discussion
As we have previously demonstrated with the vapor inhalants toluene [52, 60] , 1,1,1-trichloroethane [54, 58] and isoflurane [57] , in the present study a 6,000 ppm trichloroethylene vapor versus air discrimination could be readily established in mice. The kinetics of the onset and offset of stimulus effects resulting from trichloroethylene administration differed from those of the previous inhalants we have examined. Specifically, the rate of decay of trichloroethylene's discriminative stimulus was quite slow. Even following the short training exposure duration of 10 min, it required between 30 min and 60 min before trichloroethylene-lever responding returned to near that of the air control ( Figure 1, bottom panel) . This is compared to 10-20 min to reach a similar level of recovery in mice trained to discriminate toluene [59] and less than 10 min for 1,1,1-trichloroethane (unpublished observation). Likewise, the onset of stimulus effects resulting from trichloroethylene exposure was also slower than that of 1,1,1-trichloroethane [54] . These findings of a slow onset of effects and extended recovery period following the cessation of exposure are in agreement with the clinical observations of trichloroethylene used as an anesthetic in humans [63] and are not surprising given that trichloroethylene has centrally active metabolites including chloral hydrate [36] .
Each of the three chlorinated hydrocarbons we examined produced a full substitution for trichloroethylene (Figure 2) . The potency and efficacy of trichloroethylene and tetrachloroethylene for producing trichloroethylene-like stimulus effects were similar. 1,1,1-trichloroethane also demonstrated a similar efficacy for producing trichloroethylenelike stimulus effects but was less potent. The aromatic hydrocarbon toluene, as well as the halogenated ether vapor anesthetic methoxyflurane also produced nearly 100% trichloroethylene-lever selection (Figure 3) . A second halogenated ether vapor anesthetic isoflurane had a lower potency and produced somewhat less substitution than did methoxyflurane. Interestingly, methoxyflurane although no longer used as an anesthetic is approved for patient-controlled temporary analgesia and emergency analgesia in Australia. In contrast, isoflurane is a poor analgesic [47] suggesting some differences in mechanism which we may also be detecting in our discrimination assay. The present findings are generally in agreement with previous experiments from our laboratory in which the vapor anesthetic halothane produced a full substitution in mice trained to discriminate 1,1,1-trichloroethane vapor from air [54] and both 1,1,1-trichloroethane and tetrachloroethylene produced a complete substitution in mice trained to discriminate toluene vapor from air [59] . In aggregate, these data demonstrate that there is a substantial overlap in the discriminative stimulus effects of a number of different classes of volatile inhalants including aromatic and chlorinated hydrocarbons as well as vapor anesthetics.
The chlorinated hydrocarbon 1,1,1-trichloroethane has been shown to attenuate NMDA-induced seizures [24] as well as inhibit NMDA receptors expressed in Xenopus oocytes [23] . In the present study, the uncompetitive NMDA receptor antagonist MK-801 and the competitive NMDA antagonist CGS-19755 elicited a maximum of 45% and 35% trichloroethylene-lever responding, respectively (Figure 4) . When the individual animal data were examined, only 3 of 10 mice showed a full substitution at any MK-801 dose and 2 of 8 at any CGS-19755 dose. In addition, appreciable substitution was only produced at doses that substantially reduced operant responding. In the case of the highest dose of MK-801 (0.56 mg/kg) responding was completely suppressed in 6 of 10 mice. The NMDA glycine-site antagonist L701,324 produced no trichloroethylene-lever selection, but also failed to attenuate responding which may indicate an insufficient test dose range although similar doses have demonstrated behavioral activity in other assays. These data might suggest that NMDA receptor antagonism plays some role, albeit limited, in producing the stimulus effects of trichloroethylene. However, low levels of partial cross substitution between NMDA antagonists and other drugs, particularly GABA A agonists, have been reported in other studies [30, 55] suggesting that the data may be attributable to nonspecific mechanisms. This latter interpretation is strengthened by data from a prior study in our laboratory in which MK-801, CGS-19755, and L701,324 all produced exclusively vehicle-appropriate responding in mice trained to discriminate 1,1,1-trichloroethane vapor from air [58] . In general, the present results suggest that the attenuation of NMDA receptor function plays little if any role in the discriminative stimulus effects of chlorinated hydrocarbons. This overarching finding extends to toluene as well where we have demonstrated that competitive, uncompetitive, and glycine-site NMDA antagonists do not elicit toluene-like discriminative stimulus effects [59] , again despite a very strong evidence that toluene inhibits NMDA receptor function in other assays [4, 7, 12, 23, 24, 25, 37] . Interestingly, although NMDA receptor antagonism does not appear to underlie the discriminative stimulus effects of chlorinated or aromatic hydrocarbons, it, in addition to GABA A receptor positive modulation, does appear to be involved in transducing the stimulus effects of the volatile anesthetic isoflurane [57] .
Of the mechanistically specific drugs tested, the most robust group mean substitution was produced by the GABA A positive modulator barbiturate methohexital. Methohexital produced 70% mean trichloroethylenelever selection which is below that normally considered to constitute a complete substitution in most studies. However, as we have previously demonstrated when examining GABAergic compounds for cross-substitution in toluene-trained mice, in the present study there were also substantial differences in the most effective methohexital cross-substitution dose across individual subjects [59] . These findings suggest that the most sensitive measure of training drug-like discriminative stimulus effects may be the number of individual subjects demonstrating a full substitution regardless of the specific test dose, rather than the group mean substitution data which obscures individual differences. When examined on an individual animal basis, at least one dose of methohexital fully substituted for trichloroethylene in 11 of the 12 mice tested. In contrast, an almost equal mean trichloroethylenelever selection was elicited by ethanol, but individually only 6 of 13 mice demonstrated a full substitution at one or more ethanol doses. Mean trichloroethylene-lever selection produced by the benzodiazepine midazolam was even less robust and midazolam only fully substituted for trichloroethylene in 4 of 12 mice at any of the tested doses. The general finding that trichloroethylene has positive GABA A receptor modulator-like effects is 8 Journal of Drug and Alcohol Research consistent with prior drug discrimination studies with 1,1,1-trichloroethane [19, 48, 54, 58] . However, the profile of which GABA A positive modulators produce the most robust substitution does not appear to be identical between trichloroethylene and 1,1,1-trichloroethane. In the present study, the rank order of similarity to trichloroethylene was barbiturate > ethanol > benzodiazepine. In contrast in 1,1,1-trichloroethane-trained mice, the rank order of similarity was barbiturate = benzodiazepine ethanol [54, 58] . Intriguingly, the pattern of substitution of these same GABA A positive modulators in toluene vapor trained mice is yet again somewhat different: benzodiazepine barbiturate = ethanol ( [59] and unpublished observations).
In summary, it appears that both chlorinated and aromatic hydrocarbons can, based on in vivo discriminative stimulus effects, be classified primarily as positive GABA A modulators. We must note that this classification is tentative as we have yet to fully exhaust the list of candidate targets suggested by the in vitro literature. Our results do not fully confirm our initial hypothesis that chlorinated hydrocarbons will be more mechanistically similar to each other than to a more distantly related aromatic hydrocarbon. Instead, it appears that specific mechanistic interactions at the GABA A receptor complex may differ to some extent even within a given volatile chemical group. This suggests that pharmacologically categorizing an inhalant based only on the data of a representative member of the same chemical family may be limited to suggesting the receptors affected rather than pinpointing the exact nature of the interactions at those receptors. It is important to point out that our present results regarding receptor activity are specific for discriminative stimulus effects. They may or may not entirely reflect the receptor systems that are responsible for other behavioral effects of chlorinated hydrocarbons such as rewarding effects, sedation, analgesia, and anxiolysis. However, data showing that GABA A positive modulation is an important aspect of the subjective stimulus of chlorinated hydrocarbons could prove useful clinically as it suggests that treatment strategies appropriate for barbiturate and benzodiazepine abuse may also be effective in those abusing volatile hydrocarbons.
